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SECTION I 

INTRODUCTION 

Since the publication of "Advanced Launch Vehicle Computer Programs for 

Vertical Takeoff Trajectories, Horizontal Takeoff Trajectories and Horizontal 

Takeoff with Sonic Boom Calculations" (TR-293-6-110), several additions and 

improvements have been made to both the Vertical Takeoff Program (VTO) and the 
Horizontal Takeoff Program (HTO) to increase the usefulness of these programs. 

This includes the addition of several calculation options, output options, 

input changes, and general program streamlining. These changes necessitated 
converting the HTO from the SDS 930 to the CDC 3200, and setting up two decks 
for the VTO - a skeletal one on the SDS 930 and an all option version for the 
CDC 3200. In addition, sketches of the vehicles for which these programs were 

written have been included. 
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SECTION I1 

DISCUSSION OF MODIFICATIONS 

The modification to decks VTO - 930, VTO - 3200, and HTC - 3200 include: 

A. The addition of two new options to all three decks. These options 
are: (1) Step throttling and (2) ISP degradation. 

B. The addition of constant thrust-to-weight ratio to the HTO program. 
C. The conversion of the old 930 sense switches to sense switch options. 

D. The addition of two new options to the 3200 programs only. These 

options are: (1) Output option and (2) Payload option, 

E ,  The ability to run existing vehicles on these programs. 

These options and the use of the program to run existing vehicles are ex- 

plained in the following paragraphs. The data needed is explained in Section 111. 

A , ( 1 )  A step throttling option has been added for the first stage to 
supplement the continuous throttling already programmed. The 

throttling can now be done as a certain number (XMOD) of discrete 
steps. A large number of steps closely approximates continuous 

throttling. For this option 

THRInew = THRIold - THRIo d/XMOD 

A . ( 2 )  Isp degradation for both stages is computed from an input table of 

engine throttling ratios vs specific impulse fractions. This table 
is described in the original report 
With Isp degradation 

Isp = Isp * Isp factor 
Without Isp degradation 

Isp = Isp from the table 

B. A second stage lift-off with constant thrust-to-weight ratio, THR/WT, 

as described in the original report for the VTO, has been incorporated 

2-1 
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i n t o  the  HTO 

Without constant  THR/WT 

THR2 = input  value = cons tan t  t h r u s t  

With constant  THR/WT 

THR2 = TW2 * WT 

Where Tw2 i s  t h e  input  THR/FrT r a t i o  

C. The console sense switch opt ions of t h e  ear l ier  vers ions have been 

converted t o  i n d i c a t o r  options.  Ind ica to r  ISW3 corresponds t o  Sense 

Switch 3. ISW2 corresponds t o  Sense Switch 2,  as explained i n  the  

o r i g i n a l  report .  

D.(1) The t abu la t ed  output op t ion  w a s  incorporated t o  provide a f a s t e r ,  

shortened output  f o r  use when a more d e t a i l e d  output i s  not needed, 

such as f o r  publ ica t ion  of r e s u l t s .  This op t ion  is  i l l u s t r a t e d  i n  

the  HTQ) sample run (Sec t ion  V I I ) .  

D.(2) The payload r eca l cu la t ion  op t ion  was added t o  a l low i t e r a t i o n  of 

t he  program on l i f t - o f f  weight and t r a j e c t o r y  to y i e l d  a s p e c i f i e d  

payload. Recalculat ion of t h e  t r a j e c t o r y  with a successively 

improved i n i t i a l  weight value i s  attempted only i f  

APLD > .00001 x PLD required 

o r  

APLD < 1000. l b s  

where 

PLD = payload 

I f  a r eca l cu la t ion  is  done 

W8,,, - - Wgold -k Increment 

i f  PLD < PLD 
r eq 
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- - WgOld - Increment '@new 

i f  PLD > PLD 
req 

The increment used i s  determined by the  s i z e  of APLD, and the  

input  va lue  DWT is t h e  minimum increment s ize .  

Due t o  the  non- l inear i ty  of WO vs PLD near  t h e  so lu t ion ,  i f  two 

so lu t ions  wi th in  150 pounds of t h e  required PLD value are found 

on opposi te  s i d e s  of t h e  requi red  value,  l i n e a r  i n t e rpo la t ion  i s  

used t o  c a l c u l a t e  a f i n a l  WO value.  

E. A l l  t h r e e  programs w e r e  o r i g i n a l l y  w r i t t e n  t o  c a l c u l a t e  from a 

given t o t a l  weight and some o t h e r  known f a c t o r s , a s  described i n  

the  r epor t ,  t h e  necessary breakdown of t h e  weight components t o  b e  

j e t t i s o n e d  a t  each s t age ,  such as  engine, tank, and equipment 

weights. These equations,  used by both s t a g e s ,  a r e  described i n  

Sec t ion  3.1.4 of the  o r i g i n a l  repor t .  However, i f  complete weight 

da ta  are a v a i l a b l e  f o r  an e x i s t i n g  vehic le ,  t h i s  known da ta  can be 

u t i l i z e d  and the  breakdown bypassed. 

For the  f i r s t  s t a g e ,  from page 10 of t h e  o r i g i n a l  r epor t ,  everything 

dropped a t  s tag ing  w i l l  be included i n  W where JET 

- where W - - 
'Jet 'Stage 4- 'Build2 Build2 - M2TVac2 

a r e  and 'Build2 Stage Ins t ruc t ions  on inpu t t ing  t h e  c o r r e c t  da t a  f o r  W 

i n  Sec t ion  111. 

The ca l cu la t ions  f o r  t he  f i r s t  s tage ,  using known da ta ,  assume no f i r s t  

s t a g e  reserves .  Then t h e  second stage weight is 

w02 = WT - 'Jet 
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For the  second s t a g e ,  t h e  payload T2 is  

T2 = WT - WJet 

where W i s  t h e  t o t a l  weight j e t t i s o n e d ,  input  is  as descr ibed i n  Sect ion 

111. If reserves  are wanted f o r  t h e  second s t a g e  W 

must be ca lcu la ted .  

Wresl = V term i n  equat ion (25) of the  o r i g i n a l  r epor t ,  and F 

Wres2 = V term i n  equat ion  (25). Delv2 and CEE2* are used t o  cont ro l  these ,  V 
as descr ibed i n  t h e  Input .  

Jet  
then Wresl and Wres2 Jet’ 

*GEE and CEE2 are c from equat ion (27) of t h e  o r i g i n a l  r epor t ,  r a t h e r  than t h e  

d e f i n i t i o n s  given i n  t h e  report .  These a re  u n i t l e s s  f a c t o r s .  

2-4 
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Opt ion  Value Note 

MAXL 1 The HTO - Maximum l i f t  guidance p r o f i l e  i s  
used (Sec. 3.2.2 i n  o r i g i n a l  r epor t ) .  

0 The HTO - Linear  Load p r o f i l e  is used 
(Sec. 3.2.1 i n  o r i g i n a l  r epor t ) .  

ITHROT 

ISW3 

I sw2 

ISTEP 

I SPDEG 

IPLD 

JTAB 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

Continuous t h r o t t l i n g  of t h e  f i r s t  s t a g e  t o  
prevent t he  toea1 acce le ra t ionkom exceeding 
t h e  input  ACLIM. 

F i r s t  s t a g e  engines not  t h r o t t l e d .  

Reca lcu la t ion  of t h e  f i n a l  t r a j e c t o r y  with 
complete second by second p r in tou t .  

S k e l e t a l  output  only. 

Continuous second by second p r i n t o u t  during 
a l l  ca l cu la t ions .  This i s  pr imar i ly  f o r  de- 
bugging. P r i n t  ou t  only a t  c r i t i c a l  poin ts  
during ca l cu la t ions .  

Step t h r o t t l i n g  of t he  engines as  described 
using inpu t  XMOD. Se t  ITHROT t o  1 a l so .  

No s t e p  t h r o t t l i n g .  

I s p  degradation, both s t ages ,  using input  
RATAB t a b l e .  

N o  I s p  degradation. 

Recalculat ion of t h e  t r a j e c t o r y  t o  achieve the  
des i r ed  payload. 

N o  t r a j e c t o r y  r eca l cu la t ion  f o r  payload. 

The f i n a l  t r a j e c t o r y  i s  r eca l cu la t ed  giving 
second by second p r i n t o u t  i n  t abu la t ed  form 
(one l i n e  p e r  second). 

Used with inputs  RPLD and DWT. 

The f i n a l  t r a j e c t o r y  i s  not  r eca l cu la t ed  and 
tabula ted .  
s tandard  output ) .  

(ISW3 would r e c a l c u l a t e  and p r i n t  

Also on t h i s  card  is  t h e  number of da t a  po in t s  i n  each t a b l e  t o  be read i n  

later.  The same format i s  continued. These numbers are not  p r i n t e d  with the  

opt ions i n  t h e  da t a  output .  

NTABl Number of po in t  se ts  i n  t h e  Mach - aerodynamic coe f f i c i en t s  
t a b l e  

NTABl = 16 sets f o r  t h e  HTg sample c a s e ( S e c t i o n  V I I ) .  
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0 0  0 0  0 0 0 0 0  0 0  0 0  0 0 0 0 0  O O O O U O O O  O O O O O O O O O O O O O O O O O O O O O O O O D O O O O O O O O O O O O O O O O ~ O O O O O  

l l l l l l l l  l l l l l l l l l l l  1 1 1 1 1  I 1 1  1 1  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
I I 3 4 5 6 1 8 9 10 11 12 I3  14 15 16 11 18 19 20 21 22 23 24 25 16 21 28 29 33 I1 32 33 W 35 % 31 38 33 UI 41 42 43 U 45 46 41 48 49 50 51 52 53 51 55 5( 51 Y 59 €4 61 62 U 0 65 66 6) I 6 9  10 71 12 73 74 '/5 16 11 16 79 Bo 

NTAB2 

NTAB3 

This c-rd i m  

Number of po in t  sets i n  t h e  f i r s t  s t a g e  Alt i tude-Thrust-  
Isp t a b l e  

NTABZ = 10 f o r  t h e  sample case 

Number of p o i n t  sets i n  t h e  T h r o t t l i n g  Ratio-Isp f a c t o r  
t a b l e  

NTAB3 = 11 f o r  t h e  sample case 

&e rep resen t s  t h e  op t ion  card  used f o r  t h e  example. 

S ing le  Poin t  Data 

This d a t a  i s  inpu t  5 p e r  card,  15 spaces each, as i l l u s t r a t e d  i n  t h e  da t a  

ca rd  images f o r  ou r  sample run shown below (format 5E15.8). The las t  f i v e  

spaces of each ca rd  may be used f o r  numbering t h e  d a t a  cards  t o  f a c i l i t a t e  da t a  

modif icat ions.  Each v a r i a b l e  shown below is  def ined  i n  t h e  t echn ica l  nomen- 

c l a t u r e  given i n  t h e  o r i g i n a l  r e p o r t ,  Table 2, except  t hose  noted. 

Card 3 XLAT A2 vo ALTO GAM0 

0 0  0 0 0 0 0  0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  
I I a 4 5 8 i 8 9 IO 1 1  IZ 11 14 15 16 11 18 191021 n n 24 n 26 21 n 29 XI 11 32 13 w 35 36 37 s 19 UI 41 42 43 u 4s e 4 1  u 19 '1) SI 52 5.1 n n Y 51 n r) w 61 S Z U M C S M ~ ~  w ~ 9 7 0  71 n 11 i4 n 76 11 11 79 so 
1 1 1 1 1 1 1 1 1 1 1 1 1 1  l l l l l l l l l l l l l l  l l l l l l l l l l l l l l l l l l l l l l l l l I 1 1 1 1 1 I 1 1 1 l l l l l l l t l l l l l l l  

2 1 l 2 2 1 1 l l l l l 2 l l l 2 2 2 l l l ~ ~ l ~ 2 ~ ~ l ~ l ~ l ~ ~ l l ~ l 2 l ~  l l 2 l 2 2 l l l l l l 2 l l l 2 l 2 l l l 2 2 ~ l 2 2 2 l l 2 2 2 2  

Card 4 ALP0 w0 C0NAL ANMAX C@NST 

0 0  0 0 0  0 0  0 0  0 0 0 0 0 0  0 0 0 0  ' 0 0  0 0 0 0 0  0 0  0 0 0 0 0  0 0  0 0 0 0 0  

I 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l  l l l l l l l l l l l l 1 1 1 1 1 1 1 I 1 I I 1 I 1 1 1 1 1 1 1 1  

2 2 1 1 2 1 2 1 1 1 2 1 2 2 1 2 2 2 2 2 1 2 2 1 ~ 1 2 ~ 1 1 2  1 1 2 2 1 2 1 2 2 1 1 1  1 2 1 1 1 2 1 1 1 1 2 2 1 1 2 2 1 1 2  1 1 1 2 1 1 1 1 2 1 2 2 1 1  

I I 3 4 5 6 i 8 I IO S I  12 11 16 15 16 I I  ia IS a 2 1  I I  M 21 16 27 n zs 30 II 32 11 w IS x 31 Y r) UI 41 4243 u 66 41 41 49 sa 51 u u nn nsi Y 59 6061 $253 0 6s m SI ffi r) 70 71 n n 14 75 m 17 18 19 u) 
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0 0 0  0 0  0 0 0 0  0 o o o o o o u o o o o  0 0  0 0 0 0 0 0  0 0  0 0 0 0 0 0 0  0 0  0 0 0 0 0 0  
i t a 4 5 6 i a 9 IO 11 i z  13 14 15 16 11 ia 19 I Z I  a 21 14 n zs 21 ze n ID 31 12 31 w 35 36 a i  m 19 40 41 42 43 u 45 P 41 41 49 50 51 u u n 55 a 57 a n 60 81 u 61 M B s 61 w v) io 71 iz 11 14 i s  i s  71 in i a  u) 
1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

Card 5 ACLIM GAMEP TIMEP ENN 

i l 1 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
A 

I 0 0  0 0 0 0  0 0  0 0 0 0 0  0 0  0 0 0 0  0 0  0 0 0 0 0 0  . 0 0  0 0 0 0 0  
I z J 4 5 8 i B s IO t i  12 11 14 15 IC 11 in I S I ~  n Z I Z ~  n I( 27 n n 1 1 1  x 13 Y a 3917 a nro 41 u 4 1 u  u P 41 W I )  5051 u an n s $1 or) wei  U U W S S I O  n w m 11 n 13 14 75 K 77 io nm 
l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  1 l l l l l l l l l l l l l l l l  I 

l o o 0  0 0 ,  0 0  0 0 0 0 0 0 0 0  0 0  0 0 0 0 0 0 0 0 0 0 G 0 0 0 0  0 0 0 0  0 0  0 0 0 0  0 0  0 0 0 0 0  
I z 3 4 5 s i n 3 IO 11 i z  11 14 15 16 I7 18 i s  121 zz 21 an z ZI zn n 3031 P 31 Y 15 16 17 u a9 10 41 IZ 4 1 u  45 P 47 u 49 YI 51 u u n s a si n r) s a r i  ~ I U M B  s nnm 70 ii n 71 14 i s  16 17 i s  n m 
l l l l l  l l l l l l l l l  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  l l l l l l l l l l l l l l  l l l l l l l l l l l l l l l l l l  

2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 1 2 1 2 1 1  - 
Card 6 TW2 =39D VSTAG PNT VM 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 1 2 1 1 2 2 2 2 2 2 2 2 ~ , 2 2 2 2 2 1 2 2 2 ~ 2 2 2 1 2 ~ 2 2 2 2 2 1 2 2 2 1 2 2 2 1 1 2 2  

Card 8 PTSTEP ENGF BUILD DECAY TNKF 

0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0  0 0 0 0 0 0 0 0  0 0  0 0 0 0 0  0 0 0  0 0  0 0 0 0 0  0 0 0  0 0  0 0 0 0 0 0  
1 z J 4 5 I i a 9 IO 11 12 11 14 1s 16 i t  is a ZI 2z n z4 n zs z i  n n s 11 11 31 w a 16 a i  a n m  41 41 41 u u e 47 u 49 a 51 u 51 n a 57 Y n 6061 aau B ea67 wS i o  71 i z  11 14 is  m ii 78 n m  
l l l l l l l l l l l l l 1 1 1  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  1 1 1 1 1  l l l l l l l l l l l l  

1 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2  1 1 2 2 2 2 2 2 2 2 2 1 2 1 2 2 2 1  2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2  2 2 2 2 2  
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O O O O O O O O  0 0  0 0 0 0  0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
I 2 3 I 5 6 I a 9 IO 11 12 13 14 IS 16 11 18 19 20 21 22 n a n zs zi n n m 31 u 13 Y s 31 28 19 10 41 41 41 u 43 u 41 a 49 SQ 51 u u w u 56 si s 59 a161 u u u u 66 61 w r) M 11 12 13 14 15 m i~ 11 n m 
l l l l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ~ 2 2 2 2 2 2 2 2 2  
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Card 10 CNTIN ENG2 BILD2 DKAY 2 TNK2 

0 0 -  0 0 0 0 0  0 0  0 0  0 0 0 0 0 0 0 0  0 0  1 ) o o o o o o o  0 0  0 0 0 0 0 0 0 0 0  0 0  0 0 0 0 0 0  
I 2 3 4 s I I a 9 IO I I  12 11 14 13 II 11 18 19 ZO?I 22 n 14 zs zs 21 n n  1 31 u n w 15 36 11 Y n 40 41 42 41 u 4~14144 II 9 5 1  u u n sa si nsmm u o ) w ~ m m  u w m 11 n 1314 n ie 17 n n m  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  l l l l l l l l l l l l l l l l l l l  l l l l l l l l l  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 1 2  2 2 2 2 2  1 

where RPLD is the required payload 

D W  is the minimum weight increment some multiple of which is used 

t o  increment the initial weight. 

Their value is unimportant for IPLD = 0, but the card must be present. 

Both of these are used with IPLD = 1. 
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XMgD (on card  6 )  i s  the  number of modules i n  which t o  s t e p - t h r o t t l e  

t h e  f i r s t  s t age ,  used with ISTEP = 1. 

Table Input  

Three t ab le s  are read in .  Each is read one complete set of po in ts  p e r  

card ,  12 spaces f o r  each p iece  of information (format E12.6 where n i s  5 f o r  the 

f i r s t  t a b l e  and 3 f o r  t h e  o the r  two). These t ab le s  are descr ibed i n  the  o r i g i n a l  

r epor t ,  Table 2. 

Table 1 

The mach number - aerodynamic c o e f f i c i e n t s  t a b l e  i s  input  f i r s t .  A 

maximum of 16 s e t s  of po in ts  may be input .  

XMAC HT i s  XMACH 

CLOTAB is  CLO 

CLlTAB is  CL1 

CL2TAB i s  CL2 

CDOTAB is  CDO 

da t a  

da t a  

da t a  

d a t a  

da t a  

They are given as 

XMACT(1) CLOTAB ( 1 ) CLlTAB (1 ) CL2TAB( 1 ) CDOTAB(1) 

XMACT(NTAB1) CLOTAB(NTAB1) CLlTAB(NTAB1) CL2TAB(NTAB1) CDOTAB(NTAB1) 

where NTABl was inpu t  on the  opt ion  card. There are NTABl number of cards  f o r  

t h i s  tab le .  

Table 2 

Second i s  the  t a b l e  of a l t i t u d e  vs t h r u s t  and Isp.  The maximum number of 

po in t  s e t s  i s  10. They are input  as 

ALTAB ( 1 ) THRlT (1 ) BISPT( 1 ) 

ALTAB(NTAB2) THRlT (NTAB2) BISPT(NTAB2) 

There a r e  NTAB2 cards  i n  t h i s  tab le .  

3 -6 
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b Z ’ . J  , :. Ti C ; g, : I-: ; ; 
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Table 3 
Last is the table 

form is 

of throttling ratios and Isp degradation factors, The 

RATAB(1) XISPFl(1) XISPF 2 ( 1 ) 
RATAB (NTAB3 ) XISPFl(NTAB3) XISPF2(NTAB3) 

with NTAB3 data cards. The maximum number of point sets for this table is 11. 

3.2 VTO INPUT 
The input for VTO is only slightly different from HTO. Unless otherwise 

specified, this information applies to both the SDS 930 and the CDC 3200 VTO 
versions. All formats are the same as for HTO input. 

Card 1 Heading 
Same form as HTO 

Card 2 Option Card 
The definftions are the same as HTO. The order is: 

ITWZ ITHROT ISW3 ISW2 ISTEP ISPDEG IPLD JTAB NTABl NTAB2 NTAB3. 

; ; ; i t  f i  17 Ti 17 1 X : i-i ; : 

w o o o o o o o o  0 0  0 0  0 0  0 0  o o o o u  o o o o o ~ o o o o o o o o o o ~ o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  
1 1 ,  1 1  1 1  l l l l l l l l l l l l l l l l  1 1  1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

1 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ~ 1 1  

I I 3 I I 6 I 8 a IO 11 12 13 14 I5 16 11 11 isan n n 14 n % zi ZI FI 1 3 1  az u n n I 11 3a 39 (D 41 41 4344 u 6 4 1  u 4950 SI u 5)s ssnsi r s s  ( o n  u O U ~ S I S  61 M w 10 11 IZ 13 14 IS 76 1 )  la nco 

L 
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Single  Point  Data 

CARD 3 

- CARD k 
CARD 5 

CARD 6 

CARD 7 

CARD 8 

CARD 9 

CARD 10 

CARD 11 

CARD 1 2  

-- 
-- 
-- 

-- 

XLAT 

ALP0 

TW2 

PgINT 

BETA 

DECAY 

CEE 

DKAY 2 

CEE 2 

AREA 

A2 

w 
ww 
VM 

DELT 

TNKF 

SCALE 

TNK2 

SCAL 2 

CKK 

vo 
VKICK 

ENN 

HM 
PTSTEP 

WP1 

CNTIN 

wP2 

CNTN2 

RPLD 

ALTO 

GAMK 

X N J D  

DELH 

ENGF 

EQP 
ENG 2 

EQP2 

XISP2 

DWT 

GAM0 

ACLIM 

VSTAG 

XMGAM 

BUILD 

DELVF 

BILD2 

DELV2 

THR2 

XMOD, RPLD and DWT are defined i n  the  HTO Input Section. RPLD and DWT a r e  not 

used on the  SDS 930 vers ion.  For t h e  % v e r s i o n  

CARD 1 2  AREA CKK 

Ci.3C 

Table Data 

A l l  t a b l e  d a t a a r e t h e  same a s  t h e  HTO Table data .  

For a l l  programs the  input  data ,  except NTABs, i s  p r in t ed  out  i n  the  same 

order  as i t  is read. However, only the  fou r  most important charac te rs  of each 

v a r i a b l e  name a r e  p r in t ed  a s  i d e n t i f i c a t i o n  ( see  Sect ions V I 1  and I X ) .  
, a  

A l l  da ta  mus t  c a r e f u l l y  adhere t o  the  formats given and must be i n  the  order  

spec i f ied .  

a t i o n s  of A, I, and E formats i f  unfami l ia r  with t h e i r  use. 

Refer t o  any s tandard For t ran  11 o r  For t r an  I V  manuals f o r  explan- 

Suggested re ference  manuals f o r  t he  use r  a re :  

CONTROL DATA 3200 Computer System Fortran/Reference Manual 

SDS 900 Se r i e s  For t ran  I1 Reference Manual. 

For the  c a l c u l a t i o n  of the  weights using known values, input  WJET f o r  the  

f i r s t  s t a g e  i n  t h i s  manner: 

Se t  EQP = W The known value,  including a l l  app l i cab le  components as 
Stage descr ibed i n  Sec t ion  11. 

3 -8 



TR- 7 93 - 8 - 1 10 S 

NORTRONCS - HUNTSVILLE 

SCALE = 1.0 C N T I N  = 1.0 

ENGF = 0.0 DELVF = 0.0 

CEE = 0.0 DECAY = 0.0 

ENG = 0.0 ww = 0.0 

BILD2 = value needed as M2 of t h e  equat ion for WBuild2 descr ibed,  

WAC2 = value needed. 

For the  second s t a g e ,  input  t h e  weight j e t t i s o n e d  by: 

S e t t i n g  

EQP2 = WJET (without reserves) 

SCAL2 = 1.0 CNTN2 = 1.0 

ENG2 = 0.0 TNK2 = 0.0 

DKAY2 = 0.0 BILD2 = 0.0 

DELV2 = 0.0, un less  reserves are  desired.  I f  they are,  input  the  value 

CEE2 = 0.0, unless  reserves are desired.  (See the  above statement).  

needed from the  equat ion previously discussed (Section 11). 
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SECTION IV 

PROGRAM UTILIZATION 

For t h e  CDC 3200, the  following deck se tup  should be used by both the  

HTO and VTO - 3200. 
7/9 SEQUENCE, 001, System Information 

Charge number, etc. 
This information varies with each 
i n s  t a  1 1 a t ion. 

7/9 J O B , , , , N D  

7/9 FORTRAN, L ,  X. 
I f  a binary i s  des i red ,  use in s t ead  

7/9 FORTRAN, L, X, P. 
PROGRAM NAME 

Here use  HTO o r  VTO 

(Begins i n  column 7) 
M A I N  PROGRAM SECTION 

Blank card  

FIRST SUBROUTINE 

Blank card  

SECOND SUBROUTINE 

u n t i l  a l l  subrout ines  a r e  included. Subroutines should be c a l l e d  p r i o r  to 

t h e i r  p o s i t i o n  i n  the  deck setup.  Then 

FINIS (begins i n  column 10) 

7/9 LOAD, 56 
7/9 RUN, 10 

maximum run t i m e  i n  minutes. 

Data i n  the  o rde r  described 

7/8 

7/8 7/8 
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? 

To use a CDC 3200 binary of t he  program, set  up the  deck i n  the  following manner: 

719 Sequence,001, s. 
7/9 JOB, , ,  ND 

Binary deck 

719 RUN, 10 

DATA 

718 
718 718 

The CDC 3200 i s  not usua l ly  a programmer operated machine, so  operat ing 

i n s t r u c t i o n s  w i l l  not  be given. 

The f a c i l i t i e s  needed include the  CDC For t r an  Compiler on tape  (a standard 

system f e a t u r e ) ,  a reader ,  a p r i n t e r ,  and f o r  b i n a r i e s ,  a punch. 

As f o r  computer t i m e  required,  the  sample HTO run with tabula ted  output 

ran  i n  l e s s  than 4 minutes, including compile t i m e .  When severa l  i t e r a t i o n s  

a r e  necessary t o  converge on the  c o r r e c t  cu tof f  condi t ions ,  time goes up r ap id ly ,  

approximately 1 minute p e r  complete Newton-Raphson. Calculat ions a r e  slowed 

down very much by use of ISW2 as the  work is  completely p r i n t e r  bound. 

i s  a l s o  t r u e  of the SDS 930 vers ion) .  

(This 

For the  VTO - 930 vers ion ,  t h e  deck se tup  and machine operat ing in s t ruc t ions  

a r e  given i n  the  o r i g i n a l  r epor t ,  pages 34-35 .  Delete t h e  sense switch i n -  

forma t ion .  
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SECTION V 

DESCRIPTION OF PROGRAM ROUTINES 

I. The main section of all three programs is outlined as: 

A .  . Data 

0 

0 

0 

0 

B .  

@ 

0 

C. 

0 

D. 

0 

0 

0 

E. 

F. 

0 

0 

G. 

H. 

I. 

Input of data 
Print out of read in data 
Initialization of internal data 
Calculate table data for integration 

ALPHA Control 

Acceleration or 
Calculus of variations 

Integration 

Calculation of needed information 
Integration 

Output - Choice of 
Ske 1 e tal 
Standard 
Tabulated 

Option Control 

Monitoring Cutoff Conditions 

First stage:WT or V 
Second stage: V 

First stage weight breakdown 

Second stage initialization 

Final weight iteration 
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J. Newton-Raphson 

0 CONST - PNT o r  
TIMEP - PNT 

K. Weight breakout second s t age  

L. Payload opt ion  

2. Subroutine RUNKUT i s  a genera l ized  four-partRunge-Kutta i n t e g r a t i o n ,  f i r s t  

o rder  only. The DEPVAR values  ca l cu la t ed  correspond t o  the  in t eg ra t ed  

va r i ab le s  a s  shown i n  the  main program common block. 

3. Subroutine OUT i s  a genera l  output  rout ine  f o r  f l o a t i n g  poin t  numbers and 

four  cha rac t e r  alphanumeric names. 

p r in t ed  with each c a l l .  An E12.5 format i s  the  format used f o r  most of 

the  output .  To change t h i s ,  i .e.,  t o  increase  the  accuracy, only s ta tement  

20 i n  OUT need be changed. 

Up t o  f i v e  names and values  may be 

4. Subroutine ATMOSP gives  the  speed of sound, g r a v i t a t i o n a l  a t t r a c t i o n ,  and 

atmospheric dens i ty  as a func t ion  of a l t i t u d e .  When the  a l t i t u d e  f a c t o r  

exceeds the  maximum value f o r  which d a t a a r e a v a i l a b l e ,  the  maximum 

a l t i t u d e  data a r e  used. No d iagnos t ic  is  generated.  

5. The t r igonometr ic  func t ions  

SIND(X) 
COSD (X) 
TAND(X) g ive  the  &I, cos ,  and tan ,  r e spec t ive ly ,  of t he  angle  X input  

i n  degrees. 

6. Function ARSIN(X) g ives  t h e  arc s i n  of an  angle  X input  i n  radians.  

7. Function Y3 is a l i n e a r  i n t e r p o l a t i o n  equat ion where Y3 i s  t h e  unknown 

va r i ab le  dependent on X3, a value f o r  which i s  ca l cu la t ed  from two s e t s  

of po in t s  Y2,  X2 and Y1, X1.  
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8. Function ACCF ca lculates  the acceleration.  This was changed to  a function 

t o  avoid duplication of the equation i n  the program. (VTO only) .  

Figures 5-1 and 5-2 show the T e s t  Vehicle used for  the sample run. 
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I- 
L L +  

. M  
03 " t  
03 - 0  
0 -  - 
N L n c n  

0 
I l r -  

5-4 

w 
-1 
V 

I 
W > 
I- 
v, 
W 
I- 

z 
3 
CY 
W 
-1 

zz 
v, 

0 
t- 
I 

H 

a 

7 

I co 
a, 
L 
IJ 
0, 

LL 
-r 
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SECTION VI 

HTO SOURCE LISTING 
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. . . . . . . .  _. . ..... .- ....... . . . . . . . .  _.__ . .. ..... .... .- ... __ . A 58 
A - !a 

c 
G . 

. . .  

...... 

... 

c 

?J 

.r: 

. . . . .  .......... A -  .ug 
A 97 
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r: 
'3 c 1 

.... - .. .. .. 

. . . . . . .  . . . . . . . .  - __ . . . . . . . . . .  .- ... 

. _. 
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- - A 196 
A iU7 

- _  A 210 
A 211 

- 4 246 
A 217 

I A 2 L U  
A 2 2 1  
A 2 2 2  



. . . . . . .  .... 

. _. . . . . .  ~ .. . . . . . . .  A 2 4 8  
A 249 

. . .  . -  A 232 
A 2 5 3  

G 2 b 4  .- 
-- A e 6 5  

4 2 1 0  
k d71 
A 2 1 2  
A 2 7 3  

.- - 

-- - 
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A 4 U O  
A 4 i l l  

. ._ . . . . . .. . . . .. - - .. - . . . - . . . - A 43.8 
A 419 
A 4LU 
4 4.21 
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4 4 7  
4 4 R 
4 4 9  
4Pi)  
4 9 1  
4 3 3 
425 

-_-_ - . _ _  A -  4 ? 4  
A 435 
A 4'>h 
A 4 7 7  

A 4/11 
4 4 7 1  
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c: 5 

c .I u 
c 11 
c 12 
C 13 

1:: J.b 
c I7 
c 16 
c 19 
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- .  t 2  
t J 
E 4  
F 5 -  

. .  
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SECTION V I 1  

HTO SAMPLE RUN 
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SECTION VI11 

HTO FLOW CHART 

, - ~  I__ 

T R A N S F E R  TO S I B R O U T I N E  

4 H X L A l  , X L A T  , Z H A Z , A Z , Z H V G ,  Vt i  , 4 H A L T B  , A L T G  ,4HCAM6,CAMO 
O U T  -1 

'L -__-- _____ 

__-_--- 
T G A N S F E k  TO S I B R O U T I N E  

OUT 
, A L P G  , 2 H W ,  W r 4 H C W A  ,C@NAL ,4HANMA,  ANMAX 

----I .- --- 
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OUl 
4HPlS?.P7SlEP 14HENGF,ENGF e4HBUIL IBUILO~~HDECA~OECAY \ -. _ _ _ ~ ~ - - -  
- . -- - _i____ ---I 

_ _  ~ - 
REA0 268,191 , E  PP ,OELVF ICEE I SCALE ,CNTIN,ENG2 ,BILD2 ,DKAY2 1TNK2 ,M’2 1EQP2 ,DEL __ J l  V2 ,CEEZ ,SCAL2 ,CNTN2 , X I  SP2, THE2 ,CKK ,AREA ,kPLD,DUl 

--- 
_--I-- --___- 

TRANSFER TO SUBROUTINE 
OUT 

,Wl  I 3HE PP ,E PP 8 4HDEL V I DEL VF 
___________--- 

. 

TRANSFER TO SIBROUTINE 
OUT 

4HCNTi I f N T  I No 41iENGZ ,ENC2,4HBLDZ eBILD2 14HDK Y2 ,OKAY2 i4HTNK2 I \ --.--c___--- 

TRANSFER TO SIBROUTINE 
- 

TRANSFER TO SIBROUTINE 
OUT 

’. - I_ _-I_ - - _ _ _ _ ~ ~  
__- ---_I_- r<-- TEANSFER TO OUT SUBROUTINE 

-__ -.__ - 

f--- J. 
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I 
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t 

c- 
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~~ Pfi T=PLT*OELT 

--- -A:-. .A VSTAC-  I V * D E L ~ Z . O E E I V ( ~ ) ~ ~ . ~ )  1- L--Fi-J 
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--. 

PI CcWTlNlE I I 
I-...--- ._.. 

- 3 GO TO 162 
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I 
pZ-1 , I 7- €3 CONTINUE __h 
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c -- 1 

PNT2D.G 
DPNT=PNT-PNTl  -i 

1 

I 
j .  F -- 
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I -. 

__ _-- 
GAS+ (M32 - W T  1 + \ m E S l + B  I LDPnTHEZ+MiE 52 +0KA Y20THFiZ 

C A  SCCOKA Y2 * lHE2+WES1 *MES2 
U T  ANK= SC ALZ rC NTNZDTNIZ*GAS+GASO 

WJE T r  WT ANK + k f N G  +WE ilP 

i -J 
I 
I-- - 

P K W  1 =ha? -WT i TZ=WT-WJET PRINT - 52? 1 
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i GO TO 

GO TO 
246 

4 GO TO 254 I 
250 

P L D l - T P  

/uxo-l--- DPLDf =DFLD 
a GO TO I 4  
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P R I N T  .c;. 

C*' S P 3 = S I G N ( l . , D P L D )  I - __ 8 SP3+SPZ 
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SUBROUTINE RUNKUT 

O I W f N S l O N f O  V A R I A 8 L f S  

STOKACES SYr(B0L STOCAGLS 3rma STORACES SYMBOL STORAGES SYHsOC STORAGES SY#1OL 

O E K l V  9 Of P V I R  9 A UX 9 sun 9 

121 
CONSTI =DELT*G. S 

CONSTI-1.G . 
1= T*COHSTl 

f 

kJ 

REPEAT TO 1 8  

i I=1,1+1, ..., 9 

i 

w 
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SUBROUTINE OUT 

[F 10-1 

I 

F z-- - 
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A N S 1 3 ) = 2 . 3 7 6 9 € - 3  ((-6.8753E-6SGPH*l.0)~O4.2S612) 

SUBROUTINE ATMOSP 

O l W E W S I O N E D  V A C I A B C E S  

V 

SIMBOC SIORAGES S Y M O L  STORAGES SYWeOL STORAGES SYMIOL 

AN s 3 

STORAGES STORAGES SYMBOL 

IC'") 

A N S I - S 0 8 . 7 8 8  --j G O  TO 1 2  1 
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FUNCTION SIND 

FUNCTION COSD 

FUNCTION Y 3 

FUNCTION TAND 

FUNCTION ARS IN 
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SECTION I X  

VTO SOURCE LISTINGS - 3200 AND 930 
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A 1112 
A 193 
....... _ .~_  .. 
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A 1.36 
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.............. _ 

.. _.. 

5 f< 7 , . 2 1 A 162 
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.]A ~ . t q  A lb-3 
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31 
32 
23 
34 
35 
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_<I _o 
. 71 

. __ . .. - . . - . . . . .. . . .. _I__ . 

90 UPD-c 
91 c 
92 20 CALL ATWOSP CALTIANSJ 
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119 
120 
121 
122 
123 
12-4 
125 
1?6 
127 
128 
129 
13Q 
131 
132 
133 
134 
1 3 5  

36 
1 3 7  
138 
139 
1 4 0  
1 4 1  

S 
C . _  

36 

38 

C 
. - .4Q 

4 2  

THRI =TMK2 
XISP=XISP2 
GU TO 38 

- --  - _ _  I .- PCiE INTEGRATIdY - _ _ _ I -  - - - ._----- -. . 
CL C L  0 +C L 1 * AL P1-i +CL 2 * ALPH * * 2 
C 0 = C D 0 +CK r( *CL * T A WID C A L PH 3 
DyhP=O.S*DEYS*V**2 
XLIFT=CLUDYWP*AREA 
A G C Y =  [ T H R I / w T ~ + S I ~ \ ~ D C A L P Y ~ + X L I F T / W T  

.. - ............... __ .... 

C A LPH = I: C? Si) C AL PH 1 
SALPH=S I N D  CALPHI 
I F  CUP[?] 7 4 r 7 4 ~ 5 8  

1 4 2 - _ - -  - 
1 4 3  52 
1 4 4  5 4  
1 4 5  C 
1 4 6  C 
1 4 7  56 
. 148  - 
149 c 
150 5tj 
151 
152 60 
153 

-- ........... ____-----I--_.. - --. .. .......... ... 

156 19 [ G A Y ]  J * i?ADIAN 
157 C ADOT 
158 64 D ~ i i l V  133 =V*SI IVD CGA'SI  
159 C wDBT 

_. -. _. ....... - . . . .  - . .  - - . ..- - ....... . _ _  .... __ .. .... .---_ . . . . . . . .  ... _ _  , 
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176 J A D Y = l  . _ _  - 
177 GO TB 104 
17-8- c I _I_ _ _ _ _ _ _  - --- - .- 
179 C THIS- IS-THE'-ACCEL,E~AT-I~~\~ -FELT B Y  THE PILOT. IT IS THE A B S ~ ~ ~ J T E  

_ _ - I _ _ _  ___._ 

180 c V A L U E  ?F T Y E  R A T E  ?F CHANGE @F V E L C C I T Y  
1 8 1  C T H I S  A C C E L E R A T X n N  IS NOT USED FUR THE I N T E G R A T I A N  
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322 - -  
3 2 3  178 
324 
325 
324 
327 1 8 0  
32&---- 1$2 
329 184 
330 1 8 6  
331 
332 188  
333  

-33% _ _ _ _  _._ __. 
335 
336 19Q 
337 
338 
339 
3nco-,- . 192 
3 4 1  
342 
3 4 3  194 
3 4 4  
345 
346 
3 4 7  

350 c 
3 5 1  C 
3 5 2  1 9.6 
353 
354 
355 
356 
357 

360 
361 

PNT=PNT+DELPNT 
GAPY=GAMK*DELGAM 

-. 370 .- _L-.- 

371 
372 __ 
373 
374 
375 
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458 10 THRUST DECAY. //lX_I 
459 300 FBRlvIAT [/-?/I 

. '  

4 4 2  23 
463 304 F O R Y A T  ClH13 
4 6 4  EbD 

7 7 7 7 6  VCHAH 7 7 7 7 4  VLT 7 7 7 7 2  V L G  77770 V L C  
77766 N T _  77764 A L T  _ _  77762  G A P  7 7 7 6 0  v 

00041 ANS 00041 SBS 00043 GF?AV-- 00045 DEhS 
3 0 0 4 7  XMACHT 0 0 1 C 7  G L O T A B -  . 0 0 1 4 7  C L l T A E  00207 CLETAH 
0 0 2 4 7  CCOTAB 00307 A ~ T A B  00333 T H R l T  00357 RATA5 

00521 CODE 00543 B I S P T  00567 HH 00575 AN(; 
00603 ITbJi! a o a 4  ITHR OOhOS ISM3 
00607 ISl 'EP 00610 ISPD 00611 N T A G l -  
00613 NTAB3 30614 1 00615 N 1  
00617 N2 00620 q3 00621 I N T  

_ _ ^ _ _ ~ I _ .  00405 ___- .- XISPFl I,._--x_-. 00433 .- ---. X I S P F 2  ------ 0 9 4 6 1  --.---- OEPVAR I-^-__-___ ---- 0 G 5 G 1  - D E R l y  _ _  - - I - - - - I 

__- --- -_ - - . -_ - - --I-_ _ _ _ ^ _ _  - _-__ - _. _- - - -__I. - -  - -_ - - . ---- -------__ .-.-- - - 
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.- 

- - 4 P b  23- .K!X!rzl T _PZlh;iL..flU-- . __ -. Q Q425 .-K 1 CK.2-- . .W&2 6 -"zE;SS -. __ - - _ _ _  - - - I - 
00627 JETT 00630 JUMP 00631 LAP 00632 IVOK 
00633 ISTAG€ 06634 JABQ 00635 I T  00636 INIJ  
00437 JsY'HY 00640 L I N E  00641 CUNST 00643 RE 

00655 V O  00657 ALTO 03661 G A M 0  00663 ALPC 

00675 Tb1'2 00677 VJW 00701 ENN 00703 XMOD 
00705 vSTAG 00707 P O I N T  00711 V M  00713 HP 
00715 D E L H  00717 XMGAM 00721 BETA 00723 DELT 
00725 PTSTEP 00727 ENGF 00731 BUILD 00733 DECAY 
00735 ThKF 00737 WP1 00741 EQP 00743 OELVF 

00645 GEE0 00647 ANGV- 00651 XLAT 00653 A Z  .. 

.-Qoh65-M!? . 006$17VL(_IC-Y - _ _  - 00 hL1__!A!A -__- -- - - _,p_h?_3- ACLM - - - - _.__-_. _I _. 

DOZ4Z..__Sc_4!=~- - _ _  - -..0_0751_ CEUN--- ..-1?12t?3 .E_NG;r I - - 
00763 WP2 00755 BIL02 

00765 E3P2 

01005 CKK 
01015 WOP 

00775 c"IN2 

.01-025 P R T  
01035 X I S P  
01045 CL.0 
01055 ALPH2 
01065 CO 
01075 DRAG 

01125 hEQP 
01135 W9ES1 
01145 PROP1 
01155 VL5S 

.- - OL1{6_5 _Ki- _ _  .. 
01175 DGMK 
01205 GMK 
01215 STAR 

00757 DKAY2 
00767 DELV2 
OC777 XISP2 
01007 DELT;! 
01017 T 

01047 CL1 
01057 GAM2 
01067 PYNP 
01077 CALPd 

00761 TNK2 
G O 7 7 1  CEE2 
01001 THR2 
01031 RADIAN 
01021 ALPH 

01041 X M 2  
01051 C L 2  
Glob1 T2 
01071 X L I F T  
01101 SALPH 

01127 G A S  
01137 hRES2 
01147 TH2 
31157 VLTS 

01131 G A S 0  
01141 WJET 
01151 ALT2 
01161 VCHRS 

.. 

00773 SCAL2 
01C03 AREA 
01013 PKT 
01023 R A T I ? !  

SUBPROGRAMS R E ~ U I F ~ E D  
_ _ -  _- __ I--_ - ---- _- ----- ---I- ArAN -- . . _._ . 

OUT A T Y D S P  Y 3  T A N O  S I k - 6  
.. COS0 RUNKUT - SGRT EXP ALlgG A V O C  

ABS A S I N  -s I G N  
THE END 

____ * I __ -. . . __ . -- ....-. . .. - . . . . .. . ... . __ 
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. - .  . _  ~ 

. CUMMON A L L 9 C A T I r ) N  

77760 DEPVAR 

PROGRAY L A L L O C A T X B N  -_ . __ __ . . . ._____l____I__.  ~ _____ --.. " __I_.I..__ . . . .. .. .". 
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*-. - - -. ... ..- - - . -. . . ... _- . .. , -I. . - . . . 

PROGRAM ALLBCATIU~ \~  
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- - - 2 _ c  - -- -- VTD -- -- - ---I REVISED ATMBSP RUUTINE _ . - _ _ _ I _ _ _ _ _ ~  1/68 _. - __I_ 

3 c  ANS C l l  S S O S J  ANS C23 ~ G R A V J  ANSb33 *OENS 
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......... - .- ..................... _. . I___ .... 

cos .... -. ....... .. --.-.__I___ - - . 
THE END 
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NQRTRQNICS - HUNTmlLLE 

SECTION X 

VTO SAMPLE RUN - 3200 
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. . . .  . .  __ . . . . . . . . . . . .  .- ...... -~ ... 

XLAT 
ALP0 
TW2 
P o l k  
B E T A  
D C A Y  
C E E  
D K Y  2 
CEE? 
AREA 

1 
2 
3 
4 
5 
+I 
7 
i( 

Y 

11 
12 
13 
14 
15 
.I$- 

i n  

1 
3 

4 
5 
6 
7 
R 

- 3  

. ._ 

._ ....... ...- - - . ... . .  .. __ . .  - . . . .  
-3.r ,l I.' L : I . * E  2 :'L $ 1  C! 1 (:I 2 CI) 0 

. _. . . . . . .  _ _  . -. . __ . . . . . . . . . . . . . . . . . . . .  

. . . .  . .  ... - ....... 

..... ... - ....... _ ..... ..... __ .. - 

. . . . . . . . .  - ... ......... - . 

. . .  . .  . .- .............. - - - -- -- ~- T ISP F %  - 
.ISPFl 

Q ~ T ; ,  

. . . . . .  .... . . . .  - . . . . . .  .. - - - -. - .. ... - . -__ 
1 r /I U 

... - . - .. .- ....... ........ . __ . .. I .- . 

. . .  . .  ... _. . __ . -. ....... 

,.-- 'i ..... __ . . . .  . .  ...... __ 
V S T A G  RFPCHFL; 

. . .  - ___ - _ _  . .. - . .  . .. - ... . -  .. 
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VSTAG HEAChl L . .  . - 

VFL 
M A C h  
1 H H  1 
R A T 1  
VI G ' l i  VLHV 
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T S 

10-9 



1 IM 
S T A G E  

I_-. ORAV ._ 
DENS 
s9-s - 

S T A G E  
. .%!%!L - 

DENS 
sfl s 

T I M  

VEL_ 
FlbC'4 
THR i 
R A T I  
- V L G  

VFL 
M A C H  
T H R I  -. 
R A T  I 
VLG.  

- ___._ 
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TR-793-8-TYOS 



TR-793-8-ffOS 

-5.58530t 05  

.. SThGE 2 

5.573016 0 5  
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T'R-793-8-BIOS 

4.35641E 05- 
_ _  ___ _____I ________^___ --____ TtM 2.35Or1JF 02 GAM 5.416U7E 00 V E L  9.91169E 03 ALT 3.22150E 05 UT 

-8118LxL--- 1 . 3 1 1 0 R F  01 MACH 1.17u89E 01 XISP 4,55000E 62 DYNP 0 
GRAV 3.13026E (11 ACC 1.2@35OE 00 THRI 5,59144E 05 CL 0 L I F T  0 

- afld9_ . A . - W = B - 9 -  ACC N , 0 RAT1 1.00000E Ob CD 0 D E A G  0 - 
sos 8 . 4 6 5 1 2 ~  02 VLU 2.5Q917E 0 2  VLO 4.16319E U J  V L T  3.57024E 0 1  V C H R  1.30048E 04 

TIM 

ORA-V 3.13 1.2e733F 0 0  T H R I  5.593'14E 0 5  CL 

4.34412E b3 ___ -_____-____________ ____ ____ 
2.36e00~ 0 2  G A M  5.33372E 00 V F L  9.94929E 0 3  A L T  3.23082E 0 5  MT 

1.17532E 01 XISP _ -  4,53000E 02 DVNP ' 0 

2.54917E 02 V L G  4.16612E U3 VLT 

4.lbBY9f U 3  
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'I R- T 9 3 - 8-1 YO s 

GAAV J . 1 1 5 1 6 t  0 1  A S C  1 . 3 6 8 4 2 E  0 0  T H H I  5.59144E 0 6  C L  0 L k F T  0 
DENS- 3 ._7?3.64k-10 --ACCN-.- 0 R A T I  - . 1 . Q O X O E  (10 CD 0 @RAG 0 six 8 . 4 6 5 1 2 '  112 VCC 2 . 5 4 9 1 7 E  02  V L G  4.21958E U 3  V L T  5.80248E 0 1  YCHR 1 . 3 W 3 6 E  0 4  
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I R- 7Y.5 -8 -LO5 



T R- 79 S- i j -LVS¶  



5RAV 3.1.30936 31 A C C  8 1.794 

SOS ' 8 .46512F 02 VLU 

T 
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io-31 





S T A G E  _ _ 2 _  ALPH 
GRAV 3.1157RF 01 ACC 2.20339E 00 T 

S O 5  8 . 4 6 5 1 ~ ~  02 V L D  2.54917E 02 VLG 
_DENS 4 . 2 4 1 ~ 0 ~ - 1 0  ACCN 
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ALPH 1 . 0 1 6 7 1 E  

DENS 1 . 9 0 3 4 7 t - 0 9  ACCN 
sos 8 . 4 h 5 j 2 t  02 VLD 

2 , A P 3 6 1 F  00  THR __ - _ a d  
2.54917E 0 2  VLG 

a DRAG 
3 . 4 4 4 7 5 6  02 VCHR 2 .524 
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- 3 I . A G L - L  ALPH 9 . 1 6 4 6 1 E  0 0  - M U  2 .75049E 01 XISP 4.55000E 0 2  H N P  0 
QRAV 3 . 1 2 4 3 6 F  01 ACC 3 . 2 ? 8 4 3 €  0 0  T H R I  5 , 5 9 1 4 4 E  115 CL 0 L I F T  0 

2 . 5 4 9 1 7 E  07- 0 R A T I  1 . 0 0 0 0 0 E  0 0  CD 0 
V L  li 4 . 1 7 d l J E  0 3  VLT 3 . 5 6 5 0 8 E  -- 
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sos y 4 



TR-793-8-lIOS 

SECTION XI 

VTO FLOW CHART - 3200 SERIES 

A "z' 
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$ ---I__---- 

& 

r--- - 
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F] 

1 
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CO=CDO*CKK?;CL+TANO (ALPH) 
D YNP- 0. S +DENS CV + *2 
XL IFT=CL+DYNP3AAEA 

GO TO 

__ 
ACCW (THRI/IJT)OSIND (ALPM)+XLIFT/UT 

DRAG- ED OD Y NP BAREA SALPH-SIN0 (ALPH) 

GO TO 
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J- - 

1-1 
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I - -  v --J 
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J-Tz-1, 
I A 

r - 1 

-PRINT 2 1 4 , G A H  I -  

GO TO I-] 
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?-- 1 - 
--1 
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[-I I-, 
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IF] 
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.- I 

I - - - - - - - J l  
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r -  
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SUBROUTINE RUNKUT 

srrc8Oc STOKAGE 5 

DE6 I V e 

D l U E N S I O N E D  V A C I L B L E S  

SYMBOL STOKAGES SYMBOL STORAGES SYMBOL STUl iAGES SYmGt. 

A UX 8 SUM e DEP VAR 8 

1- -2- t . 
*-- 

CcWSTl=OELT+G.S 
i CONST3:G.S ' CONST4-1.G I T=T+CONSTl 

1 -  CWST2-OEL T :DER I V ( 1  1 
> = A U X  ( 1 )  + C 3 N S T 3 * C C N S T 2  

lN1 

FUNCTION Y3 

s rofi Acc s 
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SUBROUTINE OUT 

PEIN1 ~ O , I , A ~ I Z I A ~ , ~ ~ , A ~ , I ~ , A ~ ~ I ~ , A ~  

N 

FUNCTION AMOD 
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SUBROUTINE ATMOSP 

t- 

1 

i 

?- 
I 

I 

I r l  

. ._ ANSI= -3.5662E-3 +GPH+51R. 688 
AN5 (3) ~ 2 . 3 7 6 9 E  -3 f I (-6.8753E-6fGPH+l. li) **4.25612) -- i - _I__--_. 
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I 

6 

i 
I 

J Y t  
F0] .. 

FUNCTION SIND 

FUNCTION COSD 

FUNCTION TAND 
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